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(GROWTH OF THE SEAGRASS POSIDONIA SINUOSA CAMBRIDGE ET KUO 
AT LOCATIONS NEAR TO, AM) REMOTE FROM, A POWER STATION 
THERMAL OUTFALL IN NORTHERN SPENCER GULF, SOUTH AUSTRALIA 
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i r Kuo ui locations near io, and remote from, a power Million thermal outlal'1 m itrtrihern Spencer Gulf. South 
Auslruha. Trims. H Sin. S. .*1 mr, 118(3) 197^16, 3(1 November. l l >94. 

The growth til (he seugra^s Pn\nU >nti\ Simula was monitored in northern Spencci Gulf South Australia. between 
hue losti and 1990 at a site within the influence of the thermal discharge Iron! I he Northern Cower .Station, jnd 
at a Coll' ambient site. T smuosn growth was also monitored in Pi Paterson. « large shallow bay surrounded 
by extensive mudflats, immediately to the south of the power station, but beyond ihc inllucnee o! the thermal plume. 

I 3 smmtsu meadows adjacent to the power Mutton show relatively minor reductions in growth characteristics 
( leaf blade biomass, productivity, and leaf growth) compared lo those m Gulf ambient conditions, despite the 
(act that summer water temperatures adjacent to the discharges are consistently slightly higher than Gulf ambient 
and have readied 2S°C, a temperature comparable io the highest field temperatures previously recorded lor Ihsuhvm. 

However, in the naturally warm waters ot Ron Paterson, where average summer water tempcmuire-x are marginally 
higher than those within the influence of the thermal plume and where intermittent peak temperatures exceed 
3()°C, T sirnma has xignilieantly reduced productivity, standing biomass, blade length and blade gtowth urte. 
typical of Posultwin species in marginal environments. 

Despite the minimal effects of the current discharge on the seugrasses, die evidence trom Pt Paterson suggests 
Ifatl in northern Spencer Gulf where summer temperatures arc more typical of u stibiroptcnl than a temperate 
marine environment P. sinui>.ut is near the upper limits of its lempeoume tolerance during the hottest lime of 
the year Should there be localised increases in maximum water temperatuies in ihc Gull from future thermal 
discharges I > 30°C ), (here is the potential for more* widespread occurrence of stunted Meagr. sses such as Inutiil 
in the shallow waters ol Pt Paterson. One possihk eon.sequciuvnl this could be localised increase in the movetnenl 
ot xedtmenis on the sloping banks of the Gulf channel. 

Km \Voki»x seagrass growth, wntet lemperaiure. Spcncci Gull 



Introduction 

Spencer Gull. South Australia, extend* about 200 
km inland to the arid mid north of South Australia (fig. 
I). Northern Spencer Gulf lx defined as that portion 
0l the Gulf north of 33°S The waters of the northern 
Gull are characterised by high summer salinities, 48 
(Nunes <Sl Lennon 1986), and summer temperatures 
m the mid to high 20s°C (Ainslie ci ai 1989) 
Shepherd (1983) found that the subtidnl benthic 
communities were “impoverished in terms ol the overall 
species richness” and concluded that this may be 
indicative of a stressed hypersaline environment.. He 
suggests that it is critical that the component parts of 
Hie biological system of the northern Gulf “should 
receive very detailed study to determine its capacity 
to receive additional stresses’'. 

* Lnvironmcnt Technology Department . t he Kleetneuv 
Trust of -South Australia. PC) Box 77. Adelaide S. Aust 5001 

1 Haiis, I. R H9H2) Submarine geology, sediment 
transport. hydrodynamics anti quuierurv history ol riurthem 
Spencer Gulf. South Australia. Seminar on the Research 
Needs for Management of the South Australian Gulfs. 
Australian Marine Sciences and Technologies Committee, 
Adelaide, 10 November 19K2. 43 52 Unpilbl 



The extensive seagrass meadows are an important 
component ot the biological system of the gulf, as a 
habitat and nursery region, for their intrinsic 
conservation value, and also for the role they play in 
stabilising sediments, particularly (he sloping banks 
of the Gulf channel 1 - 

In 1955 a 90 Megawati (MW) Ihermal power station. 
Play ford Power Station, was established on the eastern 
shore of northern Spencer Gulf, south of the city of 
Port Augusta ( Pig Ik by the 1960s the capacity had 
been increased to 330 MW. The cooling water 
discharge from this development resulted in surface 
water temperatures about 6°C above ambient near the 
power station, with only occasional inc ursions ot the 
water to the intertidal regions (Ainslie el uT 1989). 

In the late |970s the decision was made to proceed 
w ith the development ol a new power station of up to 
a possible 750 MW (Fig. I). with the ultimate potential 
to discharge 4 million cubic metres of warmed seawater 
a day to the Gull , more than doubling (lie volume of 
water discharged at 6°C above Gull ambient (Ainslie 
?t ui 1989), and wilh predictions of localised but 
noticeable increases in temperatures of gulf waters 
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Fig. I. Northern Spencer Gull' South Ausinilia.Seagra&s monitoring sites: (I) power station thermal discharge (2) Gulf umbieni 
site remote trom the discharge, and (3) Pi Paterson. Inset: seagrass distribution (Vom low watermark to the Gulf channel 
at site I 
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Under some tidal conditions short term maxima were 
predicted lo exceed 3U*C in I he vicinity of the power 
station outfalls 1 . 

The reported effects of thermal discharges on 
seugrnsscs range front large scale devastation resulting 
I rout temperature increases only a lew Jegrecs 
Centigrade above summer ambient (Thorhaug et <//. 
1978). to reduction in seagrass density ( Robinson I9K7) 
anti changes in specific growth charade] is! tes such as 
leaf thickness and biomass (Vicente 1977). 
Circumstantial evidence suggests. that relatively small 
changes in temperature of inshore waters may also have 
indirect effects on scagrasses through increased 
bacterial and fungal attack (Rasmussen 1977) 

Once scagfuss meadows hegin to Jeteh orate, 
erosion, siltalion and reduction in water clarity may 
lead to a decline in the scagrasses beyond the direct 
influence of the discharge (Shepherd 1986). Other 
secondary effects such ns increased impacts of grazing 
organisms may also accelerate the decline ot seag lasses 
under stress (Shepherd ci af. 19X9). 

Both Posidoniu uusiniiis and P shtuusa occur in 
northern Spencer Gulf bur the laker species is dominant 
in I he inshore meadow* near the power stations. 

This paper describes the result of a monitoring 
programme conducted to assess the effects of the 
increased thermal effluent from the first 500 MW 
development o! Northern Power Station on the* growth 
of the seagrass P sinuosa, in the light of predictions 
of localised water temperature extremes nppm*n hing, 
or even exceeding, the upper known held temperatures 
for this spev'jcx - 

Materials and Methods 

Prelim inarv field work was undertaken pi the 
19X0-198? sunh he if season to establish sampling 
techniques. The results of the seagrass monitoring 
programme for the period 19X7-19X9 are reported in 
this paper 

Water temperatures and growth ol Positional sinuoju 
wctc measured at three sites m northern Spence* Gulf 
(Hg. I). The Gulf sties were established on Hansen 
lines, the elevation and location of which were 
confirmed relative to an established FY«rt Augusta 
Power Station datum as part of a contiguous study of 
the benthic infauna of the northern Gulf (Ainslie vt 
al. 19X9). Site I is within 200 m of the power station 
and within the influence ol the thermal plume ol flic 
new Northern Power Slat ton. Site 2 is on the eastern 
side of the Gulf, 3.5 km south of the power station 



2 Lkrctricity Trust of South Australia (1985) Northern IVnu-r 
Station PitvimuiiicnUtl Imparl Statement. AugU*i WX* 
Prepared hy Kicitnll Stcaim Uripubl 
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and beyond the predicted influence of the discharge 
plume 2 . Site 3 is in Port Paterson, a large shallow 
embayment, also beyond the predicted influence ot the 
thermal plume. The naturally high water temperatures 
which have been recorded in Port Paterson 2 can be 
attributed to the insolation of the e-xiensive surrounding 
mudflats. 

20 in transects were established at each site abdiu 
5 m seaward nl, and parallel lo the inshore seagrass 
verge, all at a depth of about 0.3 -0.5 m below LWD 
(a depth of up lo 3.5 m during rhe highest tides). 

Al each site in sifu water temperatures weic recorded 
within the leal blade canopy with portable data logger-- 
in uisuim-huilt PVC waterproof housings and filled 
with !5 k thermistor detectors. 

Air temperature* were recorded at the South 
Australian Bureau of Meteorology weather station 
located on the Northern Power Station ole. 

Our object was to estimate several measure^ of the 
biomass and growth rale of seagrass. 

A wide range ot sampling quadrat areas is cited in 
the literature for sCugfass studies, depending op the 
leaf blade density and the need lo ensure that an 
adequate nuinbet of leal blades is tugged Mr 
measurement. Shepherd ( 19X3 1 used sub- samples ot 
5fl leaf blades for detailed measurements of Pttxiiitmfa 
australis leal Made lengths and widths in Spencer (lull 
More recently Pollard iV Green way (1993) used 
samples of between 20 and 60 shouts in a leaf marking 
study of the productivity 1 of three species uf scagrasses 
in the warm waters of Cairns Harbour. Queensland 
In this study 15 cm* steel framed quadrats were used 
lo define measurement areas for each sampling site 
Preliminary collections in the summets ot 19X5 and 
I9H6 sielded information on die leaf blade numbers 
lor the quadrat area SUlV rune quadrats, randomly 
placed along the transect lines, were sampled al all 
locations: the mean number of leaf blades/quudrui wus 
54.5 ± 17. A decision was made to proceed with die 
Held studies using live quadrats per site (averaging 170 
bhidcS/site) The sampling area site was 1125 on’, 
comparable to lhal ol a number of other productivity 
studies of scagrasses With o similar growth habit 
f/iemun 1974. Thiirhaug cl al . 197X; Walker & Me 
Comb 1988). 

Within the quadrats all seagr ass blades were ragged 
and harvested using methods outlined in Zieman (1974). 
Harvesting was carried out ur high tide, approximately 
every six weeks depending on wcaihei conditions and 
underwater visibility. 

Total blade lengths incremental growth (length) and 
dry biomass ol whole blades add mere menial growlli 
(productivity) were recorded lor each harvest 
Numbers of new shoots, i e shoots which grew' 
subsequent lo the initial tagging, and their growth and 
dry biomass were also recorded A simple shoot 
index” is derived which is the number of new 
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shoots/ m* Oil seafloor area)/day expressed as a 
percentage of the original number of leaves lagged /ur 
lor each sampling site. Blade widths were also recorded 
hut were only used as a verification of the species 
collections. 

Dry biomass was determined by drying freshly 
harvested blades to constant weight at 105 °C\ after 
removal of epiphytes with a stainless steel scraper and 
treatment in a 5$ hydrochloric acid solution. 

Results 

Figure 2 presents a comparison of the Port Augusta 
summer air temperature and water temperatures at sites 
I to 3 during the summer of 1987-1988 with a 5(K> MW 
power station operating. 

In the shallow seagrass beds of northern Spencer 
Gulf, air temperatures strongly influence the patterns 
of variation in the water temperatures at ail three sites. 

In mid* summer average W'atcr temperatures al all 
sites are between 20 and 25°C (Inset Fig. 2). Short term 
fluctuations are most pronounced at site 3 in the 
shallow bay of Pt Paterson, and least evident al the 
Gulf ambient site 2. Overall, summer water 
temperatures are marginally higher at site I near the 
thermal discharge than at the Gulf ambient sue. but 
consistently highest at site 3 in Pi Paterson (Fig. 2). 



At all sites, despite the high summer temperatures, 
seasonal temperature variation is typical of temperate 
regions w ith winter water temperature dropping below 
15°C, even at site I adjacent to the power station 
outfall. 

The summer relativity of the water temperatures 
between the sites does not persist throughout the year. 
During the cooler months. Gulf ambient temperatures 
fall significantly below' those of Port Paterson, which 
in turn is cooler than site 1 adjacent to the power station 
outfalls. 

Productivity (mean growth, dry wcighl/mVd) ol 
Posidonia sinuaui at sites l to 3, from November 1986. 
ro August 1900. is shown on Fig. 3. 

At the Gulf ambient site 2, and al site I near the 
power station cooling water outfall productivity shows 
a pronounced seasonal cycle with peaks between 
October and Apri I . Although the seasonal cycle is less 
obvious in the seagrasses of the nulu rally- warmed site 
in Foil Paterson, highest productivity values at this site 
were recorded in summer (Fig. 3). 

Productivity was consistently highest at the Gull 
ambient site 2 and least at site 3 in Port Paterson, with 
highest recorded productivity being 3 7 + I I g/rrr/d 
3.1 ± 0.5 g/nr/d, and 1.6 £ 0.3 g/W/d at sites 2, f 
and 3 respectively (Fig- 2). 
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Fig. 2 Maximum flail) air temperatures al the S.A. Bureau of Meteorology Station Port Augusta, and three hourly maximum 
water temperatures in the seagrass canopy at site** I 2 and 3 fnsclT water temperatures, lines ol best lit (polynomial 
least squares regression) at .sites I to 3 
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Productivity data for each site were compared, no the greatest difference being between sites 3 and I and 
a priori attempt being made to discern seasonal “cut- between sites 3 and 2 (Fig. 3). 
offs”. Variances were not homogeneous (Bartlett s test. Maximum mean standing biomass also occurs in 
P <0.0I), and analysis of variance was therefore not summer (Fig. 4), As with productivity, the seasonal 

used. However Kruskal-Wallis analysis showed cycle is most pronounced at the cool Gulf ambient site 

significant differences between all three sites (P < 0.01), 2, and least pronounced at site 3. The highest standing 
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biomass was recorded at site 2 in November 1080, 
352 g/trr. The highest summer mean standing 
biomass recorded at site I nearest the outfall was 231 
g'm . in November 1988. while the mean standing 
biomass is consistently lower at site 3 in Poll Paterson 
than at the other two sites with u summer maximum 
of 91 g/nf (Fig. 4). in November 1988. Analysis of 
variance using transformed data (log,,,) Indicated 
significant differences between the standing hiomass 
data ol each of the three transects (PcO.OI). An A 
fh^unun multiple comparison test (Sokal & Rohlf 
1969) indicated that although the differences between 
sites 3 and 2 and 3 and I were significant, sites 1 and 

2 were not significantly different. 

Comparisons were made of total hladc lengths and 
blade growth rates for sites l, 2 and 3 after combining 
the data collected lor these measurements for January 
1988 and January 1989. 

Mean blade lengths were 438.9 ± lf»1.3 rVMH, 3161) 
± 95.0 mm, and 135 8 ± 50.3 mm at sites 2, 1 and 

3 respectively (significantly different, ANOVA, 
F = 367,6, F im5 , ..mm ~ 3.0). 

Mean summer growth rates (incremental blade 
length) were 4.7 + 2.8 mm/d, 3 6 ± 1.8 mm/d and 
1.9 ± 1.1 mm/d at sites 2. I and 3 respectively As 
with blade lengths there were significant differences 
between the sites (ANOVA. F = 254.0, 

Jmw ~ m ' - ,0) ' 



Host , W. M. (1977) Marine Biological Srudies in Relation 
to the Operation ulThe Torrens Island Power Station. MSc. 
I Iicms. Adelaide University. IJnpubl. 



Shoot production occurs all year round; the shoot 
index is highest at all sites during .summer. Shoot 
indices are similar at sites I and 2, while the shoot 
index at site 3 is consistently much higher (about 2 
to 3 times as high) than at the other two sites (Fig 5) 

Although no measurements were taken, field 
observations suggest that the epiphytic growth was 
consistently higher at site 1 near the outfall than at the 
gulf-ambient site 2, and higher again at site 3 in Pt 
Paterson This was particularly evident lor the serpulid 
worm Kulospiru convex! s. a species which has 
previously been demonstrated to thrive in the thermal 
outlall at Torrens Island Power Station in the Pr. River 
estuary. South Australia'. 

Discussion 

A number of studies have indicated the susceptibility 
of seugrasses in subtropical regions to water 
temperature increases above ambient (Thorhuug cl ut 
1978; GFSAMP 1984). In particular, there is evidence 
that many organisms, including seagrasses, are living 
close to the upper limits of their thermal tolerance 
during the warmest part of the year, and even short 
periods above the summer maxima cun have significant 
adverse impacts (/reman 1974; GFSAMP 1984). 

Lark urn & Den Hartog (1989) hypothesise that the 
current distribution of species of the genus Posidoniii 
in temperate regions, and the lack of evidence that any 
Postdoniu species has ever occurred in tropical 
conditions in the past, may indicate that species of this 
genus have more limited temperature tolerance than 
species which occur in the tropics. 
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t iv 5. Seasonal variation in shoot index (number nf new sboots'nr/d .is a percentage of the original number of leal blades 
pri in ;ji the (true of lagging) at sites 1. 2 and 3. 











si: a< *• hass hriav'ih in npi'.ncf.r gulf. sen th austkai i \ 



In northern Spencer Gulf. although seasonal wutci 
temperatures range front as low as !I D C in winter In 
the iiVkI to high 20s during summer (Aihslic cr ai 
1989), the high summer water temperatures are more 
typical of subtropical conditions than those normally 
associated with temperate coasiaJ waters or the southern 
Australian coastline. (Suhtropical conditions urc 
deti neci as those where water temperatures generally 
range hum 2U-2?°C. and do not exceed '0°G 
|GF SAMP I9X4|). 

During njid summer, when air ic*mpera|iuv.x range 
to 4S°C. Ihe water lemperatuic u) the scag \ asso ai the 
outlall t site l) is consistently about 0 5 1.5°C higher 
than at Gull ambient site 2 onset tag 2). The difficulty 
in dcliriiug local ambient water temperatures is, 
bowevei, illustrated by the difference between site 2 
and she 3 on the southern shores o! Ihe targe shallow 
embay mcni of (Vat Paterson. The hitter site is also 
hevond the influence ni the thermal plume, hut exhibits 
consistently high average summer temperatures (inset 
Pig 2). up to 2°C warmer than <1 »ulf ambient Onset 
Pig, SJ 

Comparison ol summer temperature regimes 
between sites is complicated by the short term 
occurrence of extreme temperatures. Short term 
maximum temperatures ui site 1 i2K°C on two 
occasions. Fig. 2) arc about l°C higher than those 
lecofded at (he Gulf ambient site, and as high as the 
maximum field temperatures recorded pnoc to tins 
study fur Australian Position ia species (Walker Ar 
McC\unb I98S). At site 3 which has the most 
pronounced diurnal variations the short term maxima 
recorded during summer exceeded 30°C on a number 
of occasions, more than 3°C higher than the (leak 
temperature at the Gulf ambient site 2 (Fig 2i. and 
the highest field temperatures at which Positional 
species have been recorded. 

Although seasonal data have been unavailable lor 
Posidonia sinuosti, uilormalioh on the ptoduetivity * »! 
a number ol different species ol seagt asses has been 
reviewed by Walker (k Me Comb 1(988) and Hillman 
i t ui. (1980). t hese authors louud that .seauuiss species 
in temperate waters in general lend to show o 
pronounced seasonal variation with a distinct growing 
season in summer I lowever Walker &. McOnub < 1988 > 
found no dear seasonal pattern in the product iv ity of 
Positional australis in the semi -enclosed buys of Sliark 
Bay, Western Australia over a one year period. Die 
water temperatures in Shark Buy ranged from iib<mi 
I8 0 C to more than 26°C\ and maximum temperatures 
up to about 2S°C have been recorded m this area 
(Walker & McComb 1988). Despite the fact tbit at all 
three sites in the present study summer water 
temperatures resembled Ihe semi-tropical condition * 
of Shark Bay, the P. sinuosa growing al Gulf 'ambient 
(site 2) and in Ihe marginally warmer conditions 
adjacent to the power station thermal discharge (site 



I). show seasonal flucluauou m both product ivftv and 
slaudiUg biomass, with maxima lor both measmes n 
the wanner summer months. F.ven at site 3 with the 
most extreme conditions, summer ‘peaks' are evident 
in these features, although seasonal patterns are not 
a> pronounced as at the Other two sites, t his persistence 
of summer peaks m pipdueUvity and standing biomass 
paitieuiaily at. sites I and ? suggests that the /’ sinuosa 
ol miriheiu Spcncei Gulf may be more tolerant ol 
extreme summer conditions than, loi example, the P. 
oust mils ot .Shark Bus. 

At al! sites iheie was some variation between tbw 
values recorded from yeai lo yeai loi sumiuei peaks 
ol both productivity and standing biomass This 
valuation was. however, no more pronounced than 
natural year lo year variations recorded in u number 
ol receni studies ol a range ol temperate Australian 
seugfusscs (Walker & McComb 1988; Hillman *7 al. 
!9tS9) Although the growth ol Ihe.seagrass P. simto.su 
differs between the three sites, the inter annual 
comparisons indicate that at any given site, the growth 
is comparable from year to year. There is no evidence 
ol ‘deterioration' al site I adjacent to the power station, 
or at either of the two control sites, during rhe course*, 
of the current study. 

Although numerous studies have documented the 
range of effects that artificially imposed icmpetalure 
regimes may have on seagrasses. few have attempted 
lo describe the progressive dlccis on growth 
characteristics which iveur with incremental 
temperature increases above ambient. The exception 
is that of Thorhaug cf al i 1978) wh < > recorded detailed 
changes in growth of leal blades, productivity and 
standing. biomass islanding crop) in uopical and 
subtropical ntalossui stands sunjccied to incremental 
increases m water lemperalute above ambient, 

Accepting that ditlereiii species uiav have quite 
different temperature tolerances, it is nevertlieli ss of 
interest lo examine the similarity between Thclhissia 
species with a subtropical distribution, and P. sinuosa, 
.subjected to above-ambient temperatures in an 
environment where sum met tempe tenures arc already 
high in terms of the geographic distribution of Hus 
temperate species. 

I horhaug rt td (1978) report that with increases 
m Imle as l.S°C above summer ambient water 
temperature, growth pci blade, productivity, and 
standing bimiiass ol HudassUi declined to 64 (>0'v 

and 82 % respectively, of that at ambient temperature^ 
and continued to decline sharply with incremental 
increase in above ambient temperature Al v*c above 
ambient the scagmss 'disappeared" from the urea 
(ThorFiaug c/ ai 1978). 

the maximum mean prodneuvitv recorded 8>r P 
sinuosa at site l with avejage summer water 
temperatures 0.3- 1.5V above Gull ambient and short 
lerm peak temperatures up to l°C higher than short 
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term Gull' ambient peak temperatures, was 84% of that 
recorded at site 2. A contributing factor to this lower 
productivity is the lower rate of blade growth at site 
1, mean growth per blade being only about 77% of 
that of blades at site 2 during the warmest time of the 
year. Despite the fact that over the period December 
1988 to August 1990 standing biomass of R sinuosa 
at site 1 was not statistically significantly lower than 
at site 2, the maximum mean standing biomass 
recorded during this period at site 1 was only about 
70%. of the maximum recorded during the same period 
at site 2 (Fig, 4). 

At site 3 in Port Paterson with average temperatures 
consistently 2°C higher than Gulf ambient and peak 
temperatures 3°C higher than amhient peaks, 
productivity, standing biomass, total blade length, and 
blade growth are all significantly lower than at the Gulf 
ambient site (only 30-40% of Gulf ambient values for 
maximum mean productivity (Fig, 3), maximun mean 
standing biomass (Fig. 4), and mean summer hlade 
lengths and growth rates. 

There is a lack of published information on R 
sinuosa with which to compare the growth information 
from the present study. Neverauskas (1988) examined 
the effects of shading on a mixed R sinuosa and R 
august ifolia stand at a depth of 11-12 m, in an area 
removed from any land hased discharge. In winter, at 
the commencement of the shading experiments 
Neverauskas recorded a mean standing biomass of 100 
g/m : . In this study the winter standing biomass of R 
sinuosa at both sites 1 and 2 ranged from ahout 125 
g/nr to 175 g/nr\ while the winter standing biomass 
at site 3 in Pt Paterson was ahout 50 g/nr (Fig. 4). 
Accepting that comparisons made between seagrasses 
from different localities and depths can he misleading 
(Ainslie 1989) these biomass values nevertheless 
suggest that the seagrass stands at both site 1 and site 

2 are at least as vigorous as in a location deliberately 
chosen for its apparent “health”. The R sinuosa at site 

3 in Pt Paterson, on the other hand, is less vigorous 
not only in comparison w'ith the other sites in the 
northern Gulf, but also in comparison to that examined 
by Neverauskas (1988). 

This paper does not rule out the possibility that, in 
the higher water temperatures at site 1, and particularly 
at site 3, indirect factors lead to the reductions in 
seagrass growth. For example Neverauskas (1988) has 
shown that shading of a mixed Post donut sinuosa and 
P, angusrifolia stand with shade cloth (to simulate 
epifaunal growth on the leaf blades) resulted in 
significant decline in standing biomass (standing crop), 
and leaf blade length. It is possihle that indirect effects 
front shading caused by relatively greater epiphytic 
growth at site 1, and particularly site 3, rnay have 
contributed to the reduced productivity, leaf hlade 
length and growth, and dry biomass at these sites 
compared to site 2. 



Neverauskas (1988) also found that with progressive 
periods of shading, the shoot density declined, 
suggesting a reduction in the appearanec and growth 
of new- shoots. In the present study new shoot 
production (w ith respect to leaf hlade density) was very 
similar at sites 1 and 2 throughout the year. Particularly 
during the summer, however, new shoot production 
as a proportion of the leaf blade population was 2 to 
3 times higher at site 3 in Port Paterson than at the 
other two sites. If shading hy epiphytie growth is a 
contributing factor to the observed reduction of 
standing hiomass and productivity in this study the 
comparison to the results of Neverauskas (1988) does 
not extend to new shoot production. However, while 
in Neverauskas s study whole shoots were shaded, in 
this study the epiphytic growth shaded individual 
leaves, with more shading of older leaf blades. 
Although it seems likely that this shading by epiphytes 
contributes to a reduction in standing biomass and 
productivity, the consistently higher relative production 
of new shoots at site 3 suggests a response similar to 
that of terrestrial grasses, where cutting back to reduce 
shading by old leaves can result in increased leaf 
production, tillering and branching (Hendrick Sc Black 
1986). The stunted growth of older leaf blades at site 
3 may expose the new' blades to more light. One result 
of this higher shooting frequency in Port Paterson is 
that, despite the stunted growth of the R sinuosa. the 
shoot density does not decline; there is no ongoing 
deterioration of the stands as observed hy Neverauskas 
(1988) in artificial shading experiments. 

Salinities at all three sites are high, as they are 
throughout the northern Spencer Gulf, in summer 
reaching about 48 (Nunes Sc Lennon 1986). Although 
information on the salinity tolerance of P. sinuosa is 
not well documented, R australis survives in a w'idc 
range of estuarine salinities up to 57 (Cambridge Sc 
Kuo 1979). Tyerman et aL (1984) have shown that the 
salinity tolerance of R australis is, in part, due to the 
physical shielding of the sheaths of older leaf hlades 
surrounding the bases of the youngest lamina. The leaf 
sheaths of P. sinuosa are at least as rohust as that those 
of R australis (Cambridge & Kuo 1979) suggesting that 
the same mechanism for salinity tolerance operates in 
this species. Although this paper does not rule out the 
fact that a combination of factors (high temperature 
and high salinity) may lead to the stunting of the 
seagrasses in Port Paterson, the high water 
temperatures would appear to be the key variable 
between the sites. 

From their studies of thermal effects on Thalassia 
Thorhaug et al. (1978) suggest tentatively that increases 
above ambient water temperatures of about 1.5°C may 
be considered “rational" with respect to the limited 
impact on seagrass and associated communities. In the 
current study, the maximum summer temperatures at 
site 1, near the thermal discharge, fall within this 
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category The results of this study also support the 
contention that the overall change in P \ tinuosa growth 
is relatively minor with this magnitude ol temperature 
increase above ambient, less than the order of change 
considered acceptable by Thorhaug c'l aJ. (197Kt for 
ThuiassUi. In Pt Paterson, in consistently higher above 
ambient summer water temperatures than recorded 
near the thermal outfall, P. sinuoso, although exhibiting, 
stunted growth characteristics of this species in 
marginal environments (Cambridge 1974; Cambridge 
At Kuo N79), persists with no indication of ongoing 
decline, in terms of biomass, productivity, leaf blade 
growth arid length, or areal extent of local distribution 

It has been proposed that the sediment stabilising 
role of seagrasses may be particularly important in 
maintaining the integrity of the sloping banks of the 
channel of northern Spencer Gulf 1 . While the stunted 
seagrasses on the relatively protected shores of Pt 
Paterson survive without any evidence of ongoing 
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decline, if the seagrasses in the more exposed Gulf 
channel (lor example adjacent to ihe thermal outfall) 
were to be subjected to further, small summer water 
temperature increases, resultant stunted growth could 
lead to increased localised mobilisation of the shoreline 
sediments. This in turn, could lead to longer term 
effects on the spatial distribution of seagrasses in this 
area. Given this possibility, any consideration of future 
development of the power station should recognise the 
need to ensure that iheie is no increase in the maximum 
temperature of the discharged cooling water. 
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